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DimiirTTnN OF FNTERFACIAL TENSION erants. WhUc HFC refrigerants may have desirable physical 

SSSS ™^SoN LOTRSfOT properties that make them appropriate long term re&igerant 

E UOUro ReSS S^es, they lack miscibility with naphthemc mineral oils 

AND IMMISCIBLE UgUlU Kt* KiOiiJiAiN i Qaditionally used as refrigeration compressor lubncan^s. 

The mineral oils' chemical stability and miscibility with 

ITus invention relates to fluid refrigeration conqxjsitions 5 i^p jj^Fc lefrigeranU. chemical compatibiUty with aU 
comprising a hydrocarbon lubricant, such as imncxal oil. a components, low floe and pour points, high dielectric 

refrigerant immiscible with the hydrocarbon luteicant, and ^^^^^ a^propo: viscosity provide the properties that 

additive capable of reducing the interfacial tension between Q^^^t their overall performance once charged into the 

the hydrocarbon lubricant and the immiscible refrigerant system. 

More particularly this invention comiaises a fluid refrigera- lo n^hthenic refrigeration oils in refrigeration 

tion composition comprising a hydrocaibon lubricant, such ^ conditioning applications Where MFCs arc cn^loyed 

as mineral oU. a fluorohydrocarboQ refrigerant immiscible refrigerants has been considered by some to be in^ro- 

with the hydrocarbon lubricant and a surfactant capable of j^te due to fee immisdbiUty of both fluids. The beh^ is 

reducing the interfacial tension between the hydrocarbon that, immiscibility or poor dispersabiUty between the refrig- 

lubricant and fiuorohydrocarbon refrigerant is erant and lubricant at unit operating temperamrcs may 

For apra-oximatdy the past 60 years, chlorofluorocarbons provide unsuitable ofl return to the compressor. This causes 

rCFC's) have been commercially used as heat exchange improper heat transfer due to oQ coating of the "VO"" 

S n syLms designed for refrigeration and air condi- of the heat exdiange coils, -^i? 

tioning appUcations. ^Diese types of compounds have also starvation of the compr^^sor. ^he form^ causc^^^ 

ScT^yedaspropellarfoamblow^^ - ^^^^^ ^t%^^ 

cleaning solvents for Oje elec^onics -^-^ J^^^U'^cr^^^^ -st be mis^He/ 

tries. CFC-12 (dichJorodifluoroincthanc^ CFC-115 ^ij? ^ ^hemiK^y and thcrmaUy stable over a wide 

(1-chlor^l.iaa 2.^ntafluoro-ethane), andCFCm l.h ^^^^^^^^^^ 

2-(richloro.l.2. 2.trifluoro.ethane) ai^ examples of such ^^^^^^J^^ air condtioning systems. It is gc 

coit^KHinds. . . ^ . .V 1 itrrn^c desirable fcr fee lubricants to be miscible/soluWe m tfie 

Rowland and Mohna hypothesized in the early 1970 s y^^i ^-ant at concentrations of about 5 to 15% over a 

that the high stability inherent in CFCs parovidcd these temperature range of -40^ C to 80*' C. This temperature 
molecules with a very long life in the lower atmosphere. brackets the operating temperature of many rcfrigcra- 

Consequently. they slowly travel to tfie stratosphere, where ^ conditioning system designs in the market today, 

chlorine radicals are removed from the CFC molecules by 30 patentees then disdosc replacing the hydrocaibon 

die effect of ultraviolet radiation from the sun. The radicals lubricating oil with various synthetic materials that are nmch 

flien attack the ozone found in this atmosi*ieric layer moj-g expensive than the hydrocarbon oils. Obviously, it is 

decreasing its concentration. This prompted the aerosol economically and environmentally desuable to Provide 

industry in the mid-1970s to gradually replace these dicmi- hydrocarbon oil/alternate refrigerant fluids, even though 

cals with environmentally safer alternates that met their 35 immiscible, for use in these systems. 

^uctspcdflcadons. ^ f "^^^%"5f^d R^ytT 

In fte^mid-1980's. the detection of a drop in ozone Conditioning Engineers, Sanvontenker (1989) and ^es- 

conSn?^™ over Antarctica, an effect that is presenUy Gavilan (1993) have 

crants. These compounds belong to the hy^owfluoro- ^^iSi^t^ fii^^ not as weU. Reyes-Gavilan has 

carbon (HCFC) and hydrofluorocai^n (HFO chMUC^ shown mat by using low viscosity naphthcnic mineral oU (70 
families. Examples of HCFCs arc 45 37 go same type of units as those tested by 

(hydrochlorodifluoromethane), R-123 (l,l-dichloro-2a, Sanvordcnkcr, the dependence of oil return on unit configu- 

2-trifluoro-ethanc). and R-124 ( l-chloro- 1,2,2, nation is eradicated. The agents responsible for oil return in 

2-tctraflu<xo-cthanc). HCFCs have much lower ozone deplc- household refrigeration systems, aside from low viscosity 

tion potentials than do CFCs because even though there is jxiincral oils with good flow characteristics in the system and 
dilorine jwcscnt in these molecules, they contain hydrogen 50 proper lubrication performance in the compressors, are high 

atoms that cause their deconqwsition to take place at lower refrigerant velocities and short return lines between the 

levels ofthe atmosphere. However, since the depletion of the eva^wator and con^wessOT. It is conceivable that Oiose 

ozone layer is currently continuing and expanding to other refrigeration or air conditioning systems with either low 

areas of the globe, there is much legislative pressure to refrigerant velocities and/or long return hues between me 
eventually restrict and ban these chemicals as weU. Hence, 55 cv^ratM and the conq>rcssor can 

these are perceived as short-term refrigerant alternates. return, resulting in any of the aforcmenUoned system per- 

PresenUv used naphthcnic mineral ofl, alkylbenzenes. and formance problems. ^ ^ ^ . -i, j« 

SpSc S,er£ oil/alkylbcnzene bler^fc have tradition- Prior art tcachmg the use of hy*^|*^ 

7y met the lubricating and performance needs of refrigcxa- eration or c«n^tionmg 

.oUstems Charged^™ J^^l^oSLs^an'd SL^c^m^^^^^^^^^ 

2.tf^Au^o^L:l R f^l: (iTJuoJ^tni)! tk HF^-<1 polyolcsters. which can be blended with othcx 

(difluoromethane). R-143a (1.1,1-tiifluorethane), R-125 l"Wc^t^ ^ Petrochemical dis- 

(l.l.l^i-pentafluoroethane). and azcotropic and zeotropic U.S. Pat No. 5.114.605 to '^^rM^^e^caiboa oolv- 

wids^nUsting of any one of these, or oihff. HFC wm- 65 closes a composiUon '='^^'"8 « "^rS^rSST'Sn 

poKnts^S>lecules are not ozone depleters and hence. ether carbonate and either a mmeral oU or alpha olefin 

have presently been adopted as long term alternate refitig- oligomer. 
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Abstract of Japanese Patent No, 4,018,491 discloses that mixtures thereof. Minor amounts (1 to 20% by wt) alkyl- 
Wcnds of an ester oil and a hydrocarbon oil such as mincxal benzene wititi major amounts (99 to 80% by wt) naphthenic 
oil arc compatible with hydrofluorocarbon refrigerants mineral oil arc particulariy useful for improving the solu- 
whcxcin the ratio of ester oil to hydrocarbon oil is at least bility car dispcrsability of some additives (i.e. surfactants 
unity. 3 such as 2,4,7,9-tetramcthyl-5-dccync-4,7-diol) in the hydro- 

Abstract of J^ancsc Patent No, 1,115.998 discloses carbon <m1. 
blends of an aUcylbcnzene, a mineral oil and a hydrofluo- Suitable refrigerants useful in this invention include 

rocarbon refrigerant those which contain at least one carbon atom and one 

Lubrizol PCT WO/12849 suggests using viscosity fiuoiine atom. Examples of suitable refrigerants include 
adjusters such as n^h&cnic mineral oils. However, no ip R-22 (ciilorodifluoromethane). R-124 (1 -chloro-1 2,2.2- 
mendoD is made of improvement in dispcrsability or ' tetrafluoroethane), R-134a (1,1,1, 2-tetrafluoroethanc), 
misdbility/solubility characteristics of the hydrocarbon R-143a (1,1,1-trifluoroethane), R-152a(l,l-difluoroethane), 
lubricant in the presence of HFC refrigerants. R-32 (difluorome thane), R-125 (1.1,1,2.2- 

Thcsc references teach diose skilled in the art the pes- pcntafluoroethane), and mixtures thereof such as R-404a 
sibility of using blends comprising hydrocarbon luteicants 15 [R-125 (44 wt %), R-143a (52 wt. %), R-134a (4.0 wt. %)]. 
in HFC refrigeration and air conditioning applications. The These mixtures can also contain propane as component of 
industry has noted however; that many hydrocarbon lubri- the blend in those applications where the heat exchange fluid 
cant CFC systems retrofitted to employ HFC^lyol ester is going to be used as an interim retrofit fluid for existing 
fluids have shown performance degradations, indicative of refrigeration and air conditioning equipment. If desired, the 
poor oil return to the compressor, when the residual mineral 20 suitable refrigerants can be used with CFC refrigerants, 
oil concent in the polyol ester exceeds 1% of the total particularly, where residual amounts of these refrigerants are 
lubricant in the systenL No mention is made in these present in a system being retrofitted. 
iqTpUcations, nor in the references quoted above, concerning The additives useful in this invention for reducing the 

the issue of the synthetic lubricant's inherent polarity. The interfadal tension between lubricant and refrigerant have the 
higher the polarity (i.e., the more misctble the lubricant is in 25 prc^>erty of facilitating the displacement of oil from nictal 
the HFC or HCFC refrigerant), the better will its ability be surfaces by the refrigerant This property can be determined 
to return mineral oil to the compressor from the system heat by sealing a refrigerant immiscible at room temperature, 
exchangers and lines, such as RD4a, with the hydrocarbon lubricant the hydro- 

For purposes of this invention, the term "immiscible** carbon lubricant and additive agents in a glass tube contain- 
means £at a two-phase system is formed between refriger- 30 ing a steel or iron chip. A two phase system forms with the 
ant and lubricant, at least at any point in the typical operating lubricating oil constituting the top layer and the refrigerant 
range of -40** C. to 80° C. in the refi^cration or air the bottom layer. The metal chip is then raised up to the oil 
conditioning systems. level in the tube using a magnet and the oil is allowed to 

The general object of this invention is to provide rcfrig- completely wet the metal surface by moving the metal chip 
eration fluid compositions comprising a hydrocarbon 35 rapidly up and down in the oil. The additive is suitable for 
lubricant, preferably a mineral oil lubricant and a refrigerant use in this inventioru if the refrigerant displaces the oil when 
immiscible with the hydrocarbon lubricant containing at the chip is slowly lowered into the liquid refrigerant layer, 
least one carbon and one fluorine atom. A more specific Suitable additives include smfactants^ such as 2,4,7.9- 

object of this invention is to provide refrigeration fluid tetramettiyl-5-decyne-4,7-diol sold as Surfynol SE, fiuoro- 
con^x>sitions comprising a mineral oil lubricant and a 40 carbon esters sold as FC-430, etc In some cases, it can be 
hydrofluorocarbon refrigerant immiscible with mineral oiL desirable to enhance the solubility of surfactants in the 
Other objects appear hereinafter. hydrocarbon lubricants with cosolvcnts or by using hydro- 

We have now found that the objects of this invention can carbon lubricants made up of two or more components. For 
be obtained with refrigeration fluid compositions compris- exan:q)le^ as indicated above, minor amounts of alkylbcn- 
ing a hydrocarbon lubricant, a refrigerant immiscible with 45 zene hydrocarbons improve the solulMlity or dispersabOity 
the hydrocarbon lubricant containing at least one carbon of some additives in mineral oil. 

atom and one fluorine atom, and an effective amount of an While applicants do not wish to t>c bound by any theory, 

additive capable of reducing the interfadal tension between applicants believe that the interfacial tension at the rcfrig- 
the hydrxxarbon lubricant and the immiscible refrigerant erant (Iiquid)/1GS interface is reduced to the point where the 
The composition of this invention can be used in refrig- 50 spreading coefficient (S) refrigerant liquid on steel is sligjitly 
eration and air conditioning systems wifli potential oU return positive or very close to zero which enables the refrigerant 
difficulties, when charged with straight hydrocarbon oO and to displace the ofl with slig})t agitation or due to the 
HFC refrigerants. The aim is to facilitate oil return to the difference in specific gravity. 

compressor by making the refirigerant and hydrocarbon The concq>t of spreading coefficient is defined by: 

lubricant more dispersible with each other, allowing the 55 Y=gamma. 
refiigerant to wash the lubricant off the inner surfaces of the ^ ^ 

heat exchangers. The invention provides proper lubrication » u o 

and energy efficiency to the unit, while maintaining adequate Where S is the Reading coefficient of fluid (1 ) against fluid 
chemical and thermal stability within the system. (2) on the surface of a third (3) phase, a solid. The "Y** terms 

Briefly, the refrigeration fluid compositions of this inven- 60 arc the respective interfacial tensions. Spontaneous spread- 
tion comprise a hydrocarbon lubricating oil, a refiigerant ing wiU occur if S>0. Other influences such as differences 
containing at least one carbon and one fluorine atom and an in specific gravity or mechanical shear energy also apply, but 
addidve capable of reducing the interfacial tension between S will denote the contribution of interfacial tensions as 
the hydrocarbon lubricant and the refrigerant influenced by additives or surface active agents. 

Suitable hydrocarbon lubricants useful in this invention 65 l^rcfrigerant 
include paraffinic mineral oils, naphthenic mineral oils, 2 -IGS 

alkylbenzene oils, polyalphaolcfins and their oligomers, and 3=Steel Surface in the case where no additive is present 
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and is a significant positive number as is apparent from 
the prominent meniscus between the two phases. Also, since 
the oil preferentially wets and continues to wet the steel even 
with some degree of agitation; 

This leads to the conclusion that Y|2+Yi3>Y23 

Upon the addition of certain surfactants, a different behav- 
ior results which is described by: 

by observation: 

Yi2->0 (flat meniscus) 

Yja^Yij (refrigerant displaces oil on sted surface) 

This leads to the conclusion that the spreading coefQcient 
for refrigerant on steel a^sproaches 0 or becomes slightly 
positive, in the presence of certain additives which reduce 
Yii+Yia faster than 

The additive or surface active agent can be used in the 
range of 0.001 to 5 parts by weight per 100 parts by weight 
lubricating oiL Concentrates can be prepared containing up 
to 100 parts by weight surface active agent per 100 parts by 
wei^t solubility in^over for purposes of adding same to 
refrigerating systems containing hydrocarbon lubricating 
oils containing no surface active agent or insufEcient 
amounts for the desired purpose. 

The weight ratio of lubricating oil to inmiisciblc refrig- 
erant can range from 0. 10 to 15 parts by weight per 1(X) parts 
by weight refrigerant as is conventional in this art 

Table I presents suitable stability and wear enhancing 
additives that may be used with hydrocarbon lubricants 
employing surface active agents in refrigerant and air con- 
ditioning applications witfi lubricant immiscible refriger- 
ants. 

TABLE! ^ 

Exampk of Suitable Additives 
fStab? *'^"iff Antiwear) 



lYade Name 



Additive Chemical and 
FuDCtknud Characterizatioa 



Wt.% 



BHT 


Fbeoolic antiaridant 


OJ 


frganoK L-57 


Anune anty*''^H^n^ 


OJ 


Reomet 39 


IHazok derivative copper 


OJ 




oofTCtticxi inhibitDr 




ERL4221 


Epoxide 


OJ 


Syn-O-Ad 8478 


IHaryl pfaosphaie ester 


5jO 


utfiwear agent 


3.0 


I>urad620B 


Pbosphate ester andwear 


Acklitfve RC8210 


agent 

Sulfurized ertreme piessure 






agent 





EXAMPLE I 

A 9 mL glass tube was charged with 0.050 mL erf 70 SUS 
naphthenic mineral oil (Suniso IGS) containing 0.5% by 
weight candidate surfactant, a 6 mm steel chip and 0.70ml 
Ll.O-tetrafluoroethane (R-134a) and sealed. A two phase 
system was formed with the n2q>hthcnic mineral oil consti- 
tuting the top layer and the hydrofluorocarbon the bottom 
layer. The metal chip was completely wetted with oil by 
moving the chip rapidly up and down in the oil phase using 
a magnet. The chip was then slowly lowered into the 



tetrafluoroethane layer. The results are set forth below in 
Table IL 

TABLE n 



25 



30 



35 



40 



Surface Active Agent 



Blend Behavior 



Diisoamyl (PIB) Succinate Oil clings to chip. Oil clings 

to glass. 

EXP 5159-197 (Fluorinated ester Improvement in diq»crsability 



10 



15 



20 



but oil clings to chip and 
glass. 

Oil clings to chip and glass. 

Oil renx>ved &ocn cfa^ and glass 
by refrigerant. Tw> lagw very 
diq)ecsible. 

Oil clings to chip and glass. 

EX 1038 (Garboxylic acid dinaer Oil clings to chip and glass, 
ester) 

-pC^dO Oil removed from clup and glass 

by R-134a. Two layers veiy 
diqwrstble. 

pC-431 Oil clings to chq> and glass. 

PC.740 Oil clings to chip and glass. 

Excessive frodung- 



made by Oiganics) 

Tetrakis C2-etby]hexanol) 
Ptentaeiythritol 
Sur^mol S£ 



Sur^nolTO 



45 



50 



55 



60 



65 



The above data clearly shows Suifynol SE comprising 
2,4,7*9-tetraiiiethyl-5-decyne-4,7-<liol and FC- 430 compris- 
ing a fluorinated ester arc suitable for use in this invention. 

EXAMPLE n 

A 9 ml glass tube was charged with 0.050 ml of 70 SUS 
najAthcnic mineral oil (Suniso IGS) containing 0.05% by 
weight candidate surfactant (Suifynol SE or FC- 430), a 6 
mm steel chip and 0.70 ml 1.L12 tetrafluOToethane 
(R-134a) and sealed. A two phase system was fcmed with 
the naphthenic mineral oil constituting the top layer and fee 
hydrofluorocarbon the bottom layer. The metal chip was 
completely wet with oil by moving the chip rajMdly up and 
down in the oil phase using a magnet. The di^ was then 
slowly lowered into the t^rafluoroethane layer. For both 
candidates, the oil is removed from the chip and glass by the 
R-134a. Both luWcant and refrigerant layers arc very dis- 
persible with each other, causing the oil to be removed from 
the surface of the dup and glass by R-134a. 

EXAMPLE m 

A multizone pump down solenoid medium tcn^jerature 
supermarket freezer rack in New England, equ4>ped with 
two five door freezer rack cabinets (each 105.6 ft^), a 
compressor (Copelametic Model No. R-76 WMT3T) 
located approximately 6 to 7 ft tiie ground, and evapo- 
rators on ttie floor of each cabinet was retrofitted. The 
refrigerant gas and oil travel through approximately 20 ft. of 
V% inch diameter vertical and horizontal suction return lines 
before arriving at the compressor through a l Ys inch tube. 
The system was charged with R-402A (30 pound diaige). 
whidi comprised 38 wt % R125 (pentafluoroethanc), 60 wL 
% R22 (hydrochlorodifluoromethane), and 2 wL % R290 
(propane) and a 200 SUS alkylbcnzcne luteicating oil con- 
taining antiwear and foaming agents. As the unit operated 
below -5** F., the lubricant level in die compressor went 
down and the oil pressure switch turned off the unit The 
system was then operated at about 0** F. to maintain proper 
oil pressure and lubrication. 

The oil was drained from the system leaving some 
residual alkylbenzcne; charged with 150 SUS oil conoprising 
primarily naphthenic mineral oil, 10 wt % alkylbcnzcne, 
and 0.05 wt. % Surfynol SE; evacuated for Vi hour and 
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allowed to run for 1 hour to flush residual alkylbcnzene oil 
from Ac system. During this time, the oil pressure switch did 
not go off and -17* F. and -10** F. tempakure were attained 
for the respective racks. After 1 hour, the oil was drained 
again from the system and rq)laced with fresh 150 SUS oil 
coursing primarily najAthcnic mineral oil. 10 wt. % 
alkylbcnzenc, and 0.05 wt. % Surfynol SE. Both freezers 
have been <^>erated for two months at-10° F. to -15° F. with 
no oil return difficulties. 
We claim: 

1. A fluid refrigeration composition comprising a hydro- 
carbon lubricant a fluorohydrocarbon refrigerant immis- 
cible with the hydrocarbon lubricant which contains at least 
one carbon atom and all the halogen groups of die fluoro- 
hydrocarbon arc fluorine, and an effective amount of addi- 
tive which reduces the intcrfacial tension at the interface 
between the hydrocarbon lubricant and the refrigerant in 
liquid form to the point where the spreading cocfl&cient(s) 
refrigerant liquid on steel is slightly positive enabling ttie 
refrigerant to displace hydrocarbon lubricant from steel 
wherein said additive is present in a concentration of 0.001 
to 5 parts by weight per 100 parts by weight hydrocarbon 
lubricant. 

2. The composition of claim 1, wherein the hydrocarbon 
lubricant comprises a paraffinic mineral oil. 

3. The composition of claim 1, wherein the hydrocarbon 
lubricant comprises a naphthenic oil. 

4. The composition of claim 1, wherein the hydrocarbon 
lubricant comprises an alkylbcnzenc oil. 

5. The composition of claim 1, wherein the hydrocarbon 
lubricant comprises a polyalfaolefin. 

6. The composition of claim 1, wherein the hydrocarbon 
lubricant comprises a majcv amount of naphthenic mineral 
oil and a minor amount of an alkylbcnzenc oiL 

7. The composition of claim 1, wherein the fluorohydro- 
carbon comprises 1,1,1, 2-tetrafluorocthane. 



10 



15 



20 



23 



30 



8. The composition of daim 1, wherein the fluorohydro- 
carbon coB^Hises pentafiuoroethane. 

9. The composition of daim 1, wherein said composition 
also comprises difluoromonochloromethane. 

10. The composition of claim 1, wherein the additive 
comprises a surfactant 

11. The composition of daim 10, wherein die surfactant 
comprises 2,4,7,9-Cetramcthyl-5-dccyne-4,7-diol. 

12. The conqx)sition of daim 10, wherein the surfactant 
comprises a fluoroestcr. 

13. The composition of claim 1, wherein the refrigerant is 
immiscible over the whole temperature range of -40** C. to 
80** C 

14. A fluid refrigeration con^sition comiaising a hydro- 
carbon lubricant con^irising at least one member sdccted 
frx>m the group consisting of paraffinic mineral oil. naph- 
thenic mineral oil, alkylbcnzenc ofl, and polyalfaolefin, a 
refrigerant immiscible with the hydrocarbon lubricant con- 
taining at least one carbon atom and one fluorine atonL and 
an effective amount of a surface active agent comprising at 
least one member selected from the group consisting of 
2,4,7.9-tetramethyl-5-decyne-4, 7-diol and fluoroestcr 
which reduces ttie intcrfacial tension between die hydrocar- 
bon lubricant and the refrigerant in liquid form such that die 
refrigerant can displace die lubricant from die inner surfaces 
of heat exchangers and lines. 

15. The composition of claim 14, wherein the refrigerant 
comprises a fluof ohydrocarbon wherein all die halogen 
groups of the fluorohydrocarbon are fluOTine. 

16. The con^xjsition of claim 15, wherein the surface 
active agent ccHUprises 2.4.7,9-tctramethyl-5-decyne-4,7- 
did. 
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